Objective: To compare the incidence of, and mortality after, intensive care unit (ICU) admission as well as the characteristics of critical illness in the multiple sclerosis (MS) population vs the general population.
Intensive care units (ICUs) are an important component of hospital care, consuming a disproportionate share of medical costs in industrialized countries. [1] [2] [3] [4] While chronic diseases are established risk factors for ICU admission and mortality, 5, 6 little is known about the influence of immune-mediated diseases such as multiple sclerosis (MS) on ICU admissions. MS is associated with increased risks of infection 7 and ischemic heart disease, 8, 9 which could increase the risk of ICU admission. However, hospitalized elderly patients with MS have been reported to be less likely to use intensive or coronary care services than other patients. 10 The risk of ICU admission in the nonelderly MS population has not been studied, and outcomes after ICU admission are largely unknown. 11 Knowledge of the characteristics and outcomes of critical illness is important to clinical decision-making. [12] [13] [14] [15] Treatment preferences depend heavily on expected outcomes 12, 13 ; therefore, patients and health care providers need a realistic understanding of outcomes after critical illness.
Using a large population-based dataset, we compared the incidence of ICU admission, reasons for and severity of presentation at ICU admission, and mortality after ICU admission in the MS population and the general population. We hypothesized that persons with MS experience elevated rates of ICU admission and of death after ICU admission, and that infections would be the most common reason for excess ICU admissions. METHODS Data sources. We used 2 data sources, provincial administrative data and a clinical database, both housed at the Manitoba Centre for Health Policy. The administrative data were population-based, anonymized data, from April 1, 1984 , to March 31, 2010 , from the Canadian province of Manitoba. Manitoba's universal health insurance plan provides services to 98% of its 1.2 million citizens. 16 All hospital, physician, and prescription claims are electronically captured at the time of service and include a unique identifier indicating the person who received the service. A population registry captures when an individual moves into or out of Manitoba, or dies.
Since June 1999, the Winnipeg Regional Health Authority's clinical ICU database has captured all admissions to adult ICUs in Winnipeg, 17 representing 93% of all high-intensity adult ICU admissions in Manitoba (individuals living outside Winnipeg who need highintensity care are transferred as needed). The administrative data and clinical ICU database have been linked using the provincial identifier. The clinical database contains .50,000 records with prospectively collected clinical information on every admission, captured by trained abstractors using standardized data definitions and collection methods. Information captured includes the Acute Physiology and Chronic Health Evaluation II (APACHE II) acute physiology score, 6 Glasgow Coma Scale score, 18 use of life support measures within the initial 2 days of ICU admission (mechanical ventilation, IV vasoactive agents, renal dialysis), length of stay, and up to 6 reasons for ICU admission.
Study populations. Using administrative data, we identified Manitobans with MS based on the presence of $3 hospital, physician, or prescription claims for MS. 19 All cases of MS so identified were included in our prevalent cohorts unless otherwise specified. The date of diagnosis (index date) was the date of the first health claim for demyelinating disease. To identify incident cases, we excluded individuals with demyelinating disease claims during a 5-year run-in period before the index date. Because administrative data began in 1984, the first year in which an incident case could be identified was 1989.
We identified a general population cohort, individually matched on sex, exact year of birth, and region of residence based on 6-digit postal code (if a full postal code match was not possible, we used the first 3 digits). We obtained up to 5 controls for each case, excluding individuals with any diagnostic codes for demyelinating disease. Individuals with inflammatory bowel disease or rheumatoid arthritis and related disorders were also excluded because we also explored critical illness in those populations (table e-1 on the Neurology ® Web site at Neurology.org). General population controls were assigned the same index dates as their matched cases and had to be alive on the index date.
Incidence of critical illness. Hospital discharge abstracts contain coding for special care units, such as ICUs 17 ; we identified ICU admissions separately in persons with incident and prevalent MS. We considered ICU care as that provided in any of the 12 highintensity (levels 1 or 2) adult ICUs in Manitoba. 20 First, we determined the cumulative incidence of ICU admission among the incident MS cohort and their matched controls. Then, using Kaplan-Meier analysis and log-rank tests, we compared the time from the index date to the first ICU admission among the 2 cohorts. Persons not admitted to the ICU were censored as of death, migration out of Manitoba, or the end of the study period (March 31, 2010), whichever came first. To evaluate factors associated with ICU admission, we used a multivariable Cox proportional hazards model in which the outcome was the first ICU admission after the index date. Model covariates were age at diagnosis, sex, comorbidity, and socioeconomic status (SES). SES was divided into quintiles based on average household income in the postal code of residence by linkage to census data, separately for rural and urban residence. Comorbidity status was classified with a modified version of the Charlson Comorbidity Index (CCI) based on hospital discharge ICD-9-CM/ ICD-10 codes. The CCI is a weighted summary index of 17 chronic conditions, and predicts health outcomes and utilization in patients admitted to ICUs. 21 The CCI includes hemiplegia and paraplegia. Because these items may be secondary to MS, we modified the CCI to exclude those diagnoses. We also collapsed the categories of diabetes with and without chronic complications, because this distinction was inaccurate in Manitoba before 2006, 22 and the HIV/AIDS category was not included because of small numbers. We used a 5-year lookback period because this improves the prediction of health care utilization outcomes associated with comorbidity. 23 For the regression analysis, we used time-dependent covariates, updated at 5-year intervals, to account for possible temporal changes in SES and comorbidity. Second, in the prevalent MS cases, we estimated the annual incidence of ICU admission in each year from fiscal years January 2000 to October 2009, because this is more relevant at the population level and for health services planning than the incidence of ICU admission among incident MS cases. Each year, a new matched cohort was extracted from the general population as described earlier. Also, we estimated the 10-year cumulative incidence of ICU admission for this period. To facilitate comparisons to other studies, we age-and sex-standardized the results to the 2007 Canadian population. We compared the incidence rates of ICU admission between the diseased and matched cohorts using incidence rate ratios (IRRs) and 95% confidence intervals (CIs).
Characteristics of critical illness. We reviewed clinical data for initial ICU admissions in our MS cohort and matched controls from January 2000 through October 2009. Using admission diagnoses, 2 reviewers (R.A.M., A.G.) independently classified the primary reason for ICU admission as infection; exacerbation, or complications secondary to the underlying MS; and other acute serious illness unrelated to MS. 24 Complications included neuromuscular respiratory weakness, seizures, pressure ulcers, neurogenic bladder/urinary tract infection, and pneumonia. Disagreements were resolved by consensus.
We report frequency (percent) for categorical variables and mean (SD) or median (interquartile range) for continuous variables. We compared the characteristics of critical illness across cohorts using x 2 tests for categorical variables and analysis of variance or Kruskal-Wallis tests for continuous variables. Using multivariable logistic regression analysis, we compared the risk of being admitted for infection in the MS and matched populations, adjusting for age at ICU admission, sex, SES, comorbidity, year of ICU admission, and disease duration as defined previously. Next, we included the use of drug therapies in the year before admission (yes vs no) in the model. Drug therapies considered were corticosteroids and immunomodulatory and immunosuppressive therapies (table e-2) as identified using Anatomical Therapeutic Classification System codes in prescription claims. We report odds ratios (ORs) and 95% CIs for the association between MS and infection. Assumptions of the logistic regression model were tested using standard methods. 25 Mortality. For the first ICU admissions among prevalent cohorts of MS and their controls, we estimated age-and sexstandardized mortality rates in the ICU, in the hospital, and at 30 days and 1 year after ICU admission. The Vital Statistics Death Database captures information from all provincial and territorial vital statistics registries on all deaths in Canada. 26 Using ICD coding, we categorized underlying causes of death as of December 31, 2009, as due to infection, MS, or other illness. We could not repeat these analyses for the incident MS cohort because of privacy regulations regarding small sample size.
Standard protocol approvals, registrations, and patient consents. The University of Manitoba Health Research Ethics
Board and the Manitoba Health Information Privacy Committee approved the study. Statistical analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC).
RESULTS
We identified 5,035 prevalent cases of MS, and one matched control for 6 cases, 2 controls for 30 cases, 3 controls for 212 cases, 4 controls for 938 cases, and 5 controls for the remaining cases, for a total of 23,699 controls. At the time of the first health claim for MS, the mean (SD) age was 42.1 (13.6) years and 70.8% were women. Of 5,035 prevalent cases of MS, we identified 2,547 incident cases. Characteristics of the cohorts at the index date are shown in table 1.
ICU admission in incident cohorts. Of the 2,547 incident cases of MS, 109 (4.3%) were admitted vs only 337 (2.4%) of matched controls. At their first ICU admission, persons with MS were younger on average than the general population (table e-3). Using Kaplan-Meier analysis, the ICU admission risk was increased in the MS population as compared with the general population (p , 0.0001). Male sex, older age, higher levels of Table 2 Adjusted hazard ratios and 95% CIs for the association among the incident MS cohort of time to first intensive care unit admission comorbidity, and lower SES were also associated with an increased risk of ICU admission (all p , 0.0001).
In the multivariable Cox model, the adjusted risk of ICU admission was elevated for the MS population vs controls (table 2) . In an age-stratified analysis, the risk of ICU admission was highest among persons with MS younger than 40 years (hazard ratio [HR] 3.01; 95% CI 2.09-4.32), declining among those aged 40 to 50 years (HR 1.34; 95% CI 1.04-1.73), and lowest among persons 60 years or older (HR 0.58; 95% CI 0.32-1.06).
ICU admission in prevalent cohorts. The number of persons with MS living in Manitoba in each year from January 2000 to October 2009 varied from 3,068 to 3,524. The number of matched controls varied from 15,264 to 17,597. From January 2000 through October 2009, the age-and sex-standardized annual incidence of ICU admission ranged from 0.51% to 1.07% in the MS population vs 0.34% to 0.51% in the general population (figure e-1) and was consistently higher in the MS population. In 2009, for example, the IRR for MS was 1.91 (95% CI 1.01-3.39).
The crude 10-year average annual incidence of ICU admission was 0.79% (0.70%-0.89%) for the MS population and 0.41% (0.38%-0.44%) in controls. The average annual incidence of ICU admission increased with age in both cohorts; however, the incidence of ICU admission was higher in the MS population than in the controls at all ages, and was particularly high among those aged 18 to 39 years, consistent with the findings in the incident MS population (figure 1).
Based on 221 ICU admissions during 3,664 personyears of observation, the crude 10-year cumulative incidence of ICU admission was 6.03% (5.26%-6.80%) in MS, while the age-and sex-standardized incidence was 6.95% (6.12%-7.77%). Based on 3,761 ICU admissions during 109,062 person-years of observation, the crude 10-year cumulative incidence of ICU admission in the matched cohort was 3.45% (3.34%-3.56%), while the age-and sex-standardized incidence was 4.52% (4.39%-4.64%). Thus, over 10 years, the risk of ICU admission was 1.5-fold higher in the MS population (IRR 1.54; 95% CI 1.30-1.77).
Reasons for ICU admission in incident cohorts. Clinical characteristics at first ICU admission differed between the MS population and controls (table 3). Note that the sample size is smaller here because the reasons for admission were available only in Winnipeg ICUs for the period January 2000 to October 2009. The MS population was younger, with higher APACHE II acute physiology scores, and was more likely to be mechanically ventilated. Findings were similar when all ICU admissions were considered (data not shown).
The distribution of reasons for admission differed between the populations (table e-4). After age-and sexstandardization, the most common reason for admission in MS was other acute illness unrelated to the underlying disease, followed by infection. The most common "other" reasons for admission were diseases of the circulatory system and of the respiratory system.
Compared with controls, the MS population was more likely to be admitted for an infection even after accounting for confounders (OR 1.82; 95% CI 1.10-3.02). The increased risk of admission for infection was only slightly attenuated when we included a single variable indicating treatment with any corticosteroids or immunosuppressive or immunomodulatory drugs in the model (OR 1.71; 95% CI 1.01-2.90). While immunosuppressive therapy was independently associated with admission for infection (OR 4.05; 95% CI 1.72-9.51), use of immunomodulatory therapy (OR 0.89; 95% CI 0.26-3.09) and corticosteroids (OR 0.96; 95% CI 0.58-1.59) was not.
Mortality. For the MS population, mortality during an ICU admission was 6.98%, while it was 26.0% 1 year after ICU admission (table e-5). When compared with controls, mortality was not elevated within the period of ICU admission or the ICU-containing hospitalization, but it was 2-fold higher 1 year after ICU admission in MS. This finding was largely driven by increased mortality in persons younger than 40 years (table 4) . Overall, underlying causes of death included MS (29.4%, n 5 15), circulatory (23.5%, n 5 12), malignancy (13.7%, n 5 7), infection (11.8%, n 5 6), and other causes (21.6%, n 5 11). Persons younger than 40 years had 75% lower odds of dying due to MS than persons older than 60 years (OR 0.25; 95% CI 0.12-0.53).
Figure 1
Average annual age-specific incidence rates: MS population and the general population controls
Text boxes show incidence rate ratios comparing incidence of ICU admission by age group in MS with the matched GP cohort. GP 5 general population; ICU 5 intensive care unit; MS 5 multiple sclerosis.
DISCUSSION
Using population-based cohorts, we evaluated the interplay between MS and critical illness. The 10-year cumulative incidence of ICU admission was 6%. The excess risk of ICU admission in the MS population was substantially greater in younger persons than older persons, even after accounting for comorbidity. Mortality was 2-fold higher 1 year after ICU admission among the MS population, again particularly in young persons. Prior work regarding the frequency of ICU admission is limited. In a questionnaire-based study in the United Kingdom, 16 of 1,942 persons (0.8%) reported having an ICU admission in the preceding 6 months. 27 In 1989, among elderly persons discharged from shortterm general hospitals in the United States, those with MS were less likely to use ICU or coronary care unit (14.7%) services than those without MS (18.5%). 10 However, that study was conducted 20 years earlier and was restricted to hospital survivors.
The excess risk of ICU admission in MS was greater in younger persons than older persons. In the general population, chronic illness affects a small proportion of young individuals, but it affects more than one-third of the population older than 40 years and nearly threequarters of the population older than 60 years 28 ; thus, the disparity in the risk of ICU admission appears to diminish as the general population ages and acquires more chronic disease.
Cardiovascular disease was an important reason for admission in the MS population. We and others have shown a higher than expected incidence of cardiac disease in MS. 8, 9 As hypothesized, we found that infection was a more common reason for ICU admission in the MS population than in the general population. Immunosuppressive therapy was associated with admission for infection, but adjusting for immunosuppressive therapies did not eliminate the association with admission for infection. This suggests that the increased risk of infection requiring ICU admission in MS is likely also due to complications of MS such as neurogenic bladder, immobility, and respiratory dysfunction, which increase the risk of urinary tract infections, pressure ulcers, and pneumonia. 7 Patients with MS admitted to the ICU were more acutely ill based on the APACHE II acute physiology score than other ICU patients, and were more likely to require mechanical ventilation. In a series of 18 patients with MS who required mechanical ventilation, the most common indications for ventilation were aspiration pneumonia, mucous plugging, mechanical respiratory failure, coma, and status epilepticus. 11 Of these individuals, 33% died within 6 months of being ventilated. We found that the risk of death was increased in the year after ICU admission. The particularly high mortality rate among young persons raised the question of whether this was attributable to aggressive MS, 29 infection, or other causes. Although limited by small numbers, our findings did not suggest that aggressive MS had a differentially greater role at young ages. However, the high mortality rate suggests that patients discharged from the ICU may need more careful surveillance by primary care providers and specialists thereafter.
We lacked data regarding the clinical characteristics of the MS population including clinical course and disability status; therefore, we could not evaluate how those factors influenced the risk of ICU admission, but this warrants future evaluation. Administrative data may lack clinically precise coding, but we have established the validity of these data for identifying episodes of ICU care, and for identifying persons with MS. 17, 19 Some of our estimates had large CIs because of small sample sizes. While our analyses of ICU admission used all admissions in Manitoba, when we examined characteristics of critical illness, we restricted the admissions to those in Winnipeg (93% of provincial admissions). However, characteristics of these individuals were similar (tables 3 and e-3) to those in the provincial cohort, suggesting that selection bias is limited. Given the variation in health care delivery across health systems, findings may differ in other jurisdictions and should be evaluated. This study had several strengths. It was novel and population-based with comprehensive follow-up. We estimated the incidence of ICU admission among persons with incident and prevalent MS, carefully described their critical illness, and accounted for multiple confounders. Identifying the year post-ICU admission as requiring enhanced clinical attention considering the increased mortality rate was another important strength.
The risk of ICU admission and subsequent death is increased in MS, particularly among persons aged 18 to 39 years. Given the observed reasons for ICU admission, prevention of infection and management of comorbidities, including cardiovascular disease, may be important avenues for reducing ICU admissions in the MS population that should be pursued in future studies. 
